gastrulate. Several zygotic regulatory genes were
nematode TLFs and that of vertebrate TLFs [2] . The downregulated by a block in either TBP or TLF differences in the predicted structures among TBP-type function, while others were differentially affected.
factors (including TBPs and TLFs) indicate potentially
These results suggest that TBP is not universally distinct functions for the vertebrate TLF homologs. TBP To investigate the role of TLF in vertebrates, mutations ‡ Present address: CNRS UMR 5535, IGM, 34293 Montpellier Cedex were generated in TLF that may affect Pol II transcription
5, France.
and tested in zebrafish (z) embryos. We generated point Injection of synthetic mRNA corresponding to wild-type TLF into early cleavage stage zebrafish embryos resulted potent in blocking epiboly when injected at a 10-fold green fluorescent protein (gfp) is inhibited by coinjected TLFmutB (Figure 1e ,f). Moreover, expression of endogelower concentration (20 ng/l; Table 1 ). Interestingly, the majority of TLFmutB-expressing embryos arrested nous notail transcription, which is characterized by a ringlike expression pattern at early gastrula stage embryos development at a similar stage to embryos that were injected with ␣-amanitin, an inhibitor of Pol II transcription (Figure 1g ), was abolished in both TLFmutB-and ␣-amanitin-injected embryos ( Figure 1h ,i and Table 1 [12, 13] . This finding suggests that expression of TLFmutB results in inhibiImportantly, the TLFmutB phenotype was rescued by coinjection of wild-type TLF mRNA into the embryos. tion of Pol II transcription in the embryos and that the phenotype is the result of a failure to initiate efficient Coinjected embryos progressed through epiboly (data not shown) and also reexpressed notail (ntl) mRNA (Table  zygotic transcription. In agreement with this hypothesis, cytomegalovirus (CMV) promoter-driven expression of 1), indicating that the effects seen with TLFmutB were specific. These results show that TLFmutB acts as a dominant-negative inhibitor of TLF function, and sug- Table 1 gest an important role for a TLF-like activity in early zygotic transcription.
Injection of mRNA encoding variants of TLF causes retardation or complete block of epiboly and loss of ntl expression in zebrafish embryos.
The seemingly broad inhibition of Pol II transcription by
Retardation of epiboly (% embryos)
TLFmutB in the early embryo (see also Figure 3 ) was pared from TBP-MO-injected embryos at 6 hr, early gas- trula stage (60% epiboly) zTBP was not detected on the TBP is not universally required for all zygotic Pol II transcription in the zebrafish embryo. immunoblot, whereas in noninjected and control MOinjected embryos, zTBP protein levels were clearly detectable (Figure 2e ; data not shown). Interestingly, the The similarity in the phenotypes caused by either severe phenotype of the TBP-MO-injected embryos was blockage of TBP expression or TLF activity suggests that partially rescued by the coinjection of purified recombizygotic transcription and progression of development into nant human TBP protein (Table 2) . Importantly, howgastrulation requires both proteins. One explanation for ever, the ntl expression blocked by TLFmutB RNA injecthese findings is that both factors act on the same genes. tion was not affected in the TBP-MO-injected embryos To investigate this possibility, the expression from seven at 6 hr early gastrula stage (Figure 3e,f) , further demonendogenous early patterning genes, initially expressed at strating the specificity of the methods used. These data late blastula (4. between the timing of the onset of gene activity and effects of blocking TBP-type factors. However, our results
Categories of the degree of retardation in epiboly were scored as in Table 1 .
show that TBP and TLF can have distinct functions in Brief Communication 285 Figure 3 the zebrafish embryo. Interestingly, expression of certain genes depends on both activities either directly or indirectly. Figure 1j and Figure 2f ). Compared to the control embryos, TLFmutB-injected embryos showed a significantly rearranged spatial distribution of H5 staining (Figure 1k ), while block of Pol II transcription by ␣-amanitin abolished H5 staining (Figure 1l ). Moreover, TBP-MO injection resulted in a loss of H5 immunoreactivity (Figure 2g ). Western blot analysis using the H5 mAb confirmed the immunohistochemical H5 staining, and using the 7G5 mAbs showed that, potentially, other phosphorylated forms of the CTD of Pol II are also missing from TBP-MO-injected embryos (Figure 2h ). Thus, blocking TBP or TLF function may differentially influence CTD phosphorylation and, consequently, transcription.
Conclusions
Taken together, our results suggest that TBP is required for epiboly but not universally for early zygotic transcription of specific genes in zebrafish. Furthermore, TBP and TLF can have distinct functions as exemplified by the differential effects on eve1, fkd4, and ntl expression. Thus, TBP and possibly also TLF regulate subsets of Pol II genes specifically. However, both proteins appear to be TLF and TBP differentially regulate early zygotic transcription. Embryos required for the transcriptional activation of the zygotic were injected with either the dominant-negative TLFmutB or with the antisense TBP-MO. Embryos were split when controls had reached genome at MBT and for the subsequent epibolic movethe 40%-50% epiboly stage and subjected to in situ hybridization ments. In the case of the early zygotic genes spt and
gsc, both TBP-and TLF-like function are required for
expression. It is feasible that TBP and TLF act directly (tbx6) (p-r), and goosecoid (gsc) (s-u) probes. Expression was abolished by inhibition of either TLF or TBP in case of shh (87.5%, together in the control of transcription initiation of these n ϭ 23; 95.0%, n ϭ 20, respectively), spt (88.9%, n ϭ 18; 95.2%, n ϭ genes. As transcription initiation and reinitiation differ 21), tbx6 (85.0%, n ϭ 20; 100.0%, n ϭ 22), and gsc (90.0%, n ϭ mechanistically, TLF might function to organize embry-20; 100.0%, n ϭ 17). In contrast, ntl and fkh4 were downregulated onically transcribed genes into an active state that is then TLF has a higher affinity or accessibility for promoters than TBP before the MBT, because the state of the nuclei and that of the chromatin structure seems to be inhibitory for TBP function prior to MBT [6, 19]. Our observations together suggest that Pol II transcription does not univer- gsc [29] , ntl [29] , and fkd4 [30] . Immunohistochemical staining was 
